Objectives: Primarily, to determine the association between the clinical severity of primary varicose veins and different reflux patterns in an anatomic and haemodynamic clinical study using duplex ultrasonography (DU). Secondly, to analyse the association of clinical severity with other aspects, such as risk factors for chronic venous insufficiency (CVI) and other concurrent diseases. Method: A total of 2036 limbs were evaluated using DU. Clinical status was characterized by the CEAP (clinical, aetiological, anatomical and pathological elements) classification. The degree of clinical severity was grouped into two categories, mild to moderate CVI (C 1 -C 3 ) and severe CVI, characterized by the presence of skin changes (C 4 -C 6 ). We analysed the association of the different reflux patterns with CEAP status. Results: Saphenofemoral junction (SFJ) reflux of the great saphenous vein (GSV) was associated with the most severe form of the disease (odds ratio [OR] ¼ 2.96; confidence interval [CI] 95%: 2.2-3.8), whereas competent SFJ of the GSV with reflux from proximal veins (OR ¼ 2; CI 95%: 1.4-2.7) and the pure non-saphenous reflux (OR ¼ 4.1; CI 95%: 1.8-9.0) were associated with mild to moderate CVI. Obesity increased the frequency of severe CVI 2.7 times (OR ¼ 2.7; CI 95%: 1.6-4.6); being a woman also increased the frequency of more severe disease 1.3 times (OR ¼ 1.3; CI 95%: 1.0-1.7). Conclusion: Anatomical and haemodynamic studies by DU are postulated as a useful diagnostic tool that allow, by identifying the pattern of venous reflux of varicose pathology, characterization of the probable association to CVI clinical severity.
Introduction
Duplex ultrasonography (DU) has been proposed as the recommended image test for the evaluation of varicose pathology. 1 -7 Most studies have focused on one particular aspect, such as examination of the saphenofemoral junction (SFJ) or the saphenopopliteal junction (SPJ) alone. 2, 3 We have previously published a study based on the assessment of the whole leg in patients with primary varicose veins (VVs) to show all possible patterns of reflux by a comprehensive anatomical and haemodynamic ultrasound scan mapping. 8 But in addition to correctly identifying the venous reflux point, it would be necessary to know the clinical impact on patients presenting with different reflux patterns, which would facilitate and justify surgical treatment. Therefore, an aspect of great interest and the aim of this study is to determine the clinical severity of association of varicose pathology with reflux patterns. Clinical severity and other aspects such as risk factors and complications of chronic venous insufficiency (CVI), and other concurrent diseases are also analysed in this study.
Materials and methods
We reviewed retrospectively the ultrasound scan mapping of the lower limb venous systems for all patients referred to the private Vascular Surgery Outpatients Clinic for surgical assessment of primary VVs from January 1998 to August 2004. Patients were unselected consecutive assessments. Patients were excluded if they had a confirmed history of deep vein thrombosis in the assessed lower limb or previous venous surgery (ligation, stripping, phlebectomy or ablation). All patients had a complete physical examination and their medical history was recorded, with special focus on risk factors, complications, signs and characteristic symptoms of CVI. All duplex scan mappings were performed or supervised by a vascular surgeon with 10 years experience in the diagnostic management of CVI by DU, according to protocols and standard criteria recommended by the Spanish Society for Angiology and Vascular Surgery 9 and previous international publications. 10, 11 Clinical status was assessed by means of the CEAP (clinical, aetiological, anatomical and pathological elements) classification. 12 The degree of clinical severity was grouped into two categories, mild to moderate CVI (C 1 -C 3 ) and severe CVI, characterized by the presence of skin changes (C 4 -C 6 ).
DU was performed in the standing position with an Esaote-Technos MP Ultrasound scanner (Genoa, Italy) using a lineal multifrequency probe (5) (6) (7) (8) (9) (10) . Reflux was defined as flow in an inverse direction to physiological flow with a duration greater than 0.5 seconds after provocation manoeuvres (Valsalva, distal compression -release, and Paraná 13 ). Three sites were differentiated where reflux was evident: the groin, the popliteal fossa and the non-saphenous reflux.
Reflux in the groin
We distinguished seven reflux patterns in the groin (Figure 1 ): SFJ reflux of the great saphenous vein (GSV), competent SFJ of the GSV with reflux from the pelvis, competent SFJ of the GSV with reflux from the epigastric vein, SFJ reflux of the anterior accessory great saphenous vein (AAGSV), segmental reflux in AAGSV, competent SFJ of the AAGSV with reflux from the pelvis, and competent SFJ of the AAGSV with reflux from the epigastric vein. Segmental reflux in AAGSV was defined as reflux in AAGSV that does not come from SFJ reflux or competent SFJ with reflux from proximal veins and that could be justified by reflux within the AAGSV valve.
Reflux in the popliteal fossa
The possibility of reflux at the level of the SPJ through the gastrocnemius veins or through the incompetent terminal valve of the small saphenous vein (SSV) was investigated. We also investigated the possibility that the SSV would be incompetent through a refluxing Giacomini vein or through refluxing VVs from another venous system.
Non-saphenous reflux
Under the term 'non-saphenous' we included two types of VVs. First, those VVs whose reflux originated in the perforating venous (PV) system. The PVs were classified on the basis of their topography as per recommendations by the Federative International Committee on Anatomical Terminology. 14 Second, we classified as pure nonsaphenous reflux those VVs whose reflux source was not related to saphenous junctions or the PV system. This type of reflux could include pelvic or epigastric reflux not afferent to saphenous junctions, with no reflux in trunk saphenous veins, and also reflux in tributaries from saphenous veins close to competent trunk saphenous veins.
Anatomical category (A) of the CEAP classification
A segment with retrograde flow may not necessarily represent the superficial venous reflux point. Many other possibilities exist, as previously described, 8 and this was also considered in our study. Nevertheless, the anatomical category (A S,D,P ) of the CEAP classification was defined, based on the presence or absence of reflux in the different segments that constitute the VVs, without any other haemodynamic consideration. 12 We considered the AAGSV as a segment in our study.
We have considered that deep venous system reflux existed only if such reflux was evident in a segment different from that containing the superficial venous reflux point (for example, the SFJ or the SPJ refluxes).
The likely association between clinical severity and risk factors and concurrent diseases was analysed, in addition to the association between clinical severity and the different reflux patterns and the different segments of the anatomical category of the CEAP classification. The different patterns of reflux were analysed by only using cases where the reflux occurred in the studied pattern, to intentionally avoid the influence of a possible co-existence of a different reflux pattern.
Statistical analysis
Means and standard deviations (SDs) were calculated for quantitative variables and frequencies for qualitative findings. Bivariate analysis of association used cross-classification with Pearson's chi-squared statistics for independence of nominal variables and the chi-squared test for the trend for ordinal variables. The strength of the association between the outcome variable CEAP (C 4 -C 6 ) and each variable considered was assessed by means of odds ratios (ORs) and their 95% confidence intervals (CIs). The variable with the greater number of cases was chosen as the reference category to make a more precise estimation when there was no other clinical category as a reference. In order to assess the independent association of each covariate, a logistic regression analysis was carried out with those variables that were statistically significant in the bivariate analysis. All statistical tests were performed using a two-tailed analysis. P values ,0.05 were considered to be statistically significant. Statistical analyses were conducted using the statistical package SPSS 9 (SPSS, Chicago, IL, USA).
Results

Risk factors and concurrent diseases
There were 2026 consecutive patients; of these, 431 were excluded because of recurrent VVs. Each limb was considered as a case. A total of 2036 ultrasound mappings were carried out for 1595 patients (1197 women and 398 men). The mean age of the patients included in this study was 48.2 years. The frequency of the risk factors and the assessed personal history distributed by sex are shown in Table 1 . Significant statistical differences were found between these two groups for family history (P , 0.05) and sedentary habits (P , 0.05), with both variables being more frequent in women.
The history and risk factors assessed were analysed and related to the clinical severity of the CEAP classification. The results are represented in Table 2 .
Obesity was the variable that presented itself as a factor that increased 2.7 times the frequency of suffering from a severe CVI (OR ¼ 2.7; CI 95%: 1.6-4.6). Female sex also resulted in a factor that increased the frequency of suffering from a more severe degree of disease by 1.3 times (OR ¼ 1.3; CI 95%: 1.0-1.7). On the other hand, family history (OR ¼ 2.1; CI 95%: 1.4-3.3), sedentary habits (OR ¼ 1.6; CI 95%: 1.1 -2.5) and previous pregnancies (OR ¼ 1.6; CI 95%: 1.1-2.0) were associated with lower degrees of clinical severity. Superficial thrombophlebitis (OR ¼ 2.4; CI 95%: 1.3-4.3) and a previous history of external bleeding (OR ¼ 5.1; CI 95%: 2.1-12.2) were associated with 2.4 and 5.1 times greater clinical severity phases, respectively.
Clinical classifications
The CEAP clinical classes were distributed as follows: C 1 ¼ 268 cases (13.2%), C 2 ¼ 1990 cases (97.7%), C 3 ¼ 264 cases (13%), C 4 ¼ 239 cases (11.7%), C 5 ¼ 4 cases (0.2%) and C 6 ¼ 51 cases (2.5%). Classes C 1 and C 2 were present without the presence of the rest of the clinical classes in 1543 cases (75.8%). Symptoms related to CVI were registered in 1130 cases (55.5%). Symptomatic patients had a 2.3 times greater probability of belonging to the more severe phase of CVI (OR ¼ 2.3; CI 95%: 1.7-3.0) ( Table 2 ).
Reflux pattern according to the anatomy of the CEAP classification
The three systems: CEAP anatomical category (A S,D,P ) The deep venous system (DVS) was also analysed. We excluded those cases exclusively caused by pelvic reflux (segment 10 of the CEAP classification). Isolated reflux from the DVS was not found because of study design. The PV system reflux was established in some segments of the superficial venous system (SVS); hence it was not found as an isolated pattern of reflux. Different reflux patterns were correlated to the two established clinical categories, mild to moderate CVI and severe CVI. Taking as a reference category the isolated SVS pattern, no statistical significant differences were found. However, a marginal nonstatistical significance (OR 3.02; P ¼ 0.07) was observed, with an increase in the probability to be in the severe CVI group if the reflux pattern involved the three venous systems without segment 10 (pelvic) being the cause of the reflux in the DVS. The same analysis was carried out with the subgroup of symptomatic patients, but there was no statistically significant association.
Super¢cial venous system
All possible reflux patterns were analysed according to the different combinations of the three variables considered within the SVS. Table 3 shows all the different isolated reflux patterns within the SVS that had at least a frequency greater than 30 cases. These reflux patterns were analysed relative to the CEAP clinical severity (Table 3) , keeping as the reference the least severe non-saphenous reflux pattern. GSV involvement above and below the knee increases significantly the probability of being in the C 4 -C 6 CEAP category with or without SSV involvement. Although no statistical significance was found, the isolated reflux from the AAGSV segment had a tendency to be associated with mild to moderate CVI (OR ¼ 2.7; P ¼ 0.06). When these reflux patterns were analysed in the subgroup of symptomatic patients, it was observed that the isolated AAGSV reflux pattern increased the probability of belonging to the mild to moderate CVI 12.5 times (OR ¼ 12.5; P ¼ 0.003).
Reflux pattern according to the venous reflux point
Re£ux in the groin The SFJ reflux of GSV was chosen as a reference category according to the statistical criterion due to the presence of a greater number of cases. Using this reference, the remaining types of reflux in the groin presented themselves as variables associated with mild to moderate CVI (Table 4 ). In the subgroup of symptomatic patients, these types of reflux behaved in a similar manner, with the exception of the competent SFJ of the AAGSV with reflux from proximal veins, which did not present statistically significant differences.
Re£ux in the popliteal fossa
The reference category chosen was the SPJ reflux according to the statistical criterion for the presence of a greater number of cases. There were no statistically significant associations found overall, nor in the subgroup of symptomatic patients.
Re£ux in the PV system
Cases where the origin of the VVs stemmed from the group of PVs in the gluteal and the thigh were grouped together on one side, and the group of PVs of the knee + leg + ankle and foot on another. When using as reference category the group of PVs of the gluteal + thigh, there were no associations observed nor tendencies to any of the two clinical categories studied. These findings were the same in the subgroup of symptomatic patients.
Pure non-saphenous re£ux
Nearly all the 'pure' non-saphenous refluxes belonged to the mild to moderate CVI 156/162 Table 5 ). The following variables were excluded from the analysis due to the insufficient number of cases in the CEAP (C 4 -C 6 ) category: SSV reflux through an incompetent 
Discussion
Risk factors and concurrent diseases
Obesity has presented as the variable that to a greater extent increases the risk of suffering from a more severe CVI. Padberg et al. 15 reported that morbid obesity type III should be considered the greatest factor contributing to severe CVI, regardless of whether or not it has a venous origin. Symptomatic patients were found 2.3 times more often in the severe CVI group than in the mild to moderate CVI group. On the other hand, in a recent study, patients who had a more severe CVI communicated fewer symptoms than those with non-complicated VVs. 16 But in this study, which did not include the more severe clinical class (C 6 ), symptomatology severity was evaluated alone, in such a way that, for example, the degree of pain or weight of the extremities in the lower clinical classes (C 2 -C 3 ) was much higher than in the C 4 -C 5 clinical classes. The authors justified this unexpected finding by only evaluating the symptoms and their tendency to influence a great array of confusing factors. Boivin et al. argue that pregnancy may act as a risk factor for the development of VVs in predisposed women. 17 Also, Sparey et al. found that normal veins, in spite of changes in venous diameter during pregnancy comparable with that seen in those with pre-existing venous disease, return to normal after delivery, but some VVs deteriorate during pregnancy, and this may be progressive with successive pregnancies. 18 Previously, Cornu-Thenard et al. had already observed a correlation between the total number of pregnancies and the size of VVs. 19 In our study, 60% of women had a history of pregnancy; however, their presence was associated with mild to moderate CVI (C 1 -C 3 ).
Similar to other authors, 20 -22 two clinical categories have been differentiated in our study. The distribution of cases in both categories, mild to moderate CVI in 86.8% and severe CVI in 13.2%, is similar to that found by Bradbury et al.'s 21 study of 428 patients, where CVI was evident during a DU, 84.8% reported mild to moderate CVI and 15.2% reported severe CVI. The most frequent clinical class (97.7%) was that of the VVs (C2); along with the C1 class, telangiectasias and reticular veins, without the co-existence of the rest of the clinical classes, were found in 75.8%. Characteristic symptoms of CVI were present in 55% and keeping in mind that 75.5% of the population were women, it seems obvious that aesthetics was a most likely reason for the initial vascular surgery consultation in these patients.
Reflux pattern according to the anatomy of the CEAP classification
We have observed that when reflux was present in the GSV segments above and below the knee, there was a greater probability that the patient would be in the CEAP C 4 -C 6 category, and when the reflux in the SSV segment was added to this combination, the likelihood of having a more severe clinical level increased 2.6 times. Some studies 23, 24 agree with the fact that the greater the anatomical extension of the reflux, the higher the increase in incidence of symptoms and signs. Labropoulos et al. 25 observed that the reflux along the entire GSV is more likely to produce symptoms and signs from the CVI. Nevertheless, Danielsson et al. 20 found that the reflux of the GSV above and below the knee (axial reflux) did not increase the prevalence of tissue change as compared with superficial segmentary insufficiency. Some authors have indicated that the reflux confined to segments below the knee increased the clinical severity more than the refluxes found above the knee, demonstrating their importance for determining normal venous function. 25, 26 Like us, in a previous study, isolated reflux in the SSV was associated with a wide range of severity; however, classes 5 and 6 were uncommon. 27 Lin et al. 22 affirm that reflux in the SSV is more common in patients with more severe CVI, but clarify that they are not able to establish whether the reflux in the SSV is a sign of the increase in the severity of the CVI or part of the global reflux present in the inferior extremities, with more severe affectation of the CVI.
In relation to the AAGSV, we found a tendency to be associated with mild to moderate CVI. It has been shown that although the whole clinical spectrum of the CVI has been observed, reflux of the AAGSV has been more frequently found in the clinical phases without tissue lesions. 28, 29 Reflux in the AAGSV's venous system habitually determines VVs limited to the anterior and lateral surface of the thigh. As previously mentioned, the extended segments of the reflux would be associated with tissue lesion while it would not be observed in the shorter segments of reflux.
Reflux pattern according to the venous reflux point
Among the groin refluxes, with respect to the reference category SFJ reflux of the GSV, all other refluxes were associated with the mild to moderate CVI. The association of the competent SFJ with reflux from proximal veins to the mild to moderate CVI, when a competent terminal valve, could be the result of a proportion of these veins draining into the deep venous system by means of the competent SFJ. 30 Barros et al. demonstrated by air plethysmography that patients with ostial GSV insufficiency had a great amount of reflux compared with those with no ostial insufficiency. 31 Some authors have defined as non-saphenous reflux those VVs that are not part of GSV or SSV systems. 17, 32 Therefore, they include reflux from perineal and PV systems. From our point of view, they should differentiate. Pelvic origin reflux would be an entity predominantly observed in women due to a sex-specific mechanism of aetiology, 32 which has little resemblance, for example, to a PV reflux in the popliteal fossa.
From an anatomical and haemodynamic point of view, we tried to carry out a stratification of clinical severity as a function of all possible proximal locations of the reflux of varicose pathology. Once again, SFJ reflux of the GSV displayed a statistically significant association to the more severe disease category, while the competent SFJ of the GSV with reflux from the pelvis was associated with mild to moderate CVI. Pittaluga et al. reported that greater reflux extension is accompanied by a more advanced clinical stage, and like us, the presence of a reflux at the junction appeared to be determined ('a key point') since the rate of trophic changes rose from 1.3% to 9.8% when the junction is refluxing. 33 In different studies, it has been observed that age increases the risk of suffering skin lesions attributed to venous pathology in both sexes. 34, 35 However, it is possible that, more than the ageing process itself, the venous pathology was already present at an earlier age and it could have been acting in a prolonged manner over time and therefore determining those skin changes. We lack information regarding the time elapsed from the initial detection of an SFJ reflux of the GSV to the onset of these tissue lesions. But if we had a patient with VVs without tissue lesions, which displayed an SFJ reflux of the GSV, we believe that in this situation early corrective surgery would be the most beneficial intervention. However, the study limitation is its retrospective and transversal design, and therefore we are not able to draw conclusions about the clinical evolution of the different reflux patterns.
Conclusion
We have shown that in patients with VVs, those with ostial valve incompetence of the GSV show a greater association with a more severe clinical category of CVI than other possible venous points of reflux. The anatomical and haemodynamic studies using DU is a useful diagnostic tool that allows, by identifying the pattern of reflux of varicose pathology, characterization of the probable association to CVI clinical severity and thus rationalizes the best treatment possible.
